Rhamnus cathartica is an invasive shrub capable of high fecundity in North America. The physiology of R. cathartica has received little attention, but more is needed to understand traits that enhance its success in disturbed environments. Such data may help to predict invasiveness of closely related species such as Frangula caroliniana. We hypothesized that R. catharticawould have greater relative growth rate and specific leaf area over time than would F. caroliniana and that fecundity would be higher for R. cathartica than for F. caroliniana. Photosynthesis, growth, and carbon allocation patterns of both species were studied over time from July 3 to October 2, 2003. Carbon allocation to leaves (i.e., leaf mass fraction) of F. caroliniana was greater than that of R. cathartica after 28 d. The partitioning of carbon to stems (i.e., stem mass fraction) of R. cathartica, however, was greater after 28 d than that of F. caroliniana. The allocation of carbon to roots (i.e., root mass fraction) of R. cathartica was greater than that of F. caroliniana after 70 d. Relative growth rate of R. cathartica was greater than that of F. caroliniana after 14 d but not thereafter. Specific leaf area of R. cathartica was greater than that of F. caroliniana after 98 d, but specific leaf area and relative growth rate were poorly correlated. There was a stronger relationship, however, between relative growth rate and net assimilation rate for both species. Photosynthesis of R. cathartica was higher than that of F. caroliniana after 42 d, but there were no differences in plant dry mass after 28 d. Length, leaf surface area, and fruit count of 2-yr-old branches of both species were measured to determine their fecundity. Fruit count of F. caroliniana was 41% of that ofR. cathartica. We conclude that under favorable field conditions, both species establish similarly and that growth and photosynthesis of R. cathartica exceed those of F. caroliniana over time. Rhamnus cathartica also has greater fecundity thanF. caroliniana. Rhamnus cathartica is an invasive shrub capable of high fecundity in North America. The physiology of R. cathartica has received little attention, but more is needed to understand traits that enhance its success in disturbed environments. Such data may help to predict invasiveness of closely related species such as Frangula caroliniana. We hypothesized that R. cathartica would have greater relative growth rate and specific leaf area over time than would F. caroliniana and that fecundity would be higher for R. cathartica than for F. caroliniana. Photosynthesis, growth, and carbon allocation patterns of both species were studied over time from July 3 to October 2, 2003. Carbon allocation to leaves (i.e., leaf mass fraction) of F. caroliniana was greater than that of R. cathartica after 28 d. The partitioning of carbon to stems (i.e., stem mass fraction) of R. cathartica, however, was greater after 28 d than that of F. caroliniana. The allocation of carbon to roots (i.e., root mass fraction) of R. cathartica was greater than that of F. caroliniana after 70 d. Relative growth rate of R. cathartica was greater than that of F. caroliniana after 14 d but not thereafter. Specific leaf area of R. cathartica was greater than that of F. caroliniana after 98 d, but specific leaf area and relative growth rate were poorly correlated. There was a stronger relationship, however, between relative growth rate and net assimilation rate for both species. Photosynthesis of R. cathartica was higher than that of F. caroliniana after 42 d, but there were no differences in plant dry mass after 28 d. Length, leaf surface area, and fruit count of 2-yr-old branches of both species were measured to determine their fecundity. Fruit count of F. caroliniana was 41% of that of R. cathartica. We conclude that under favorable field conditions, both species establish similarly and that growth and photosynthesis of R. cathartica exceed those of F. caroliniana over time. Rhamnus cathartica also has greater fecundity than F. caroliniana.
Introduction
Although patterns of ecological succession in naturally disturbed habitats have led to so-called invasions by pioneering species (e.g., Alnus species) over the past several hundred years (Bazzaz 1986) , most invasions in disturbed environments (Daehler 2003) have been due to plants introduced through human activities (Reichard 1997; Reichard and White 2001) . One invasive species representative of this pattern, Rhamnus cathartica L. (common or European buckthorn), has been in North America for at least 200 yr (Wyman 1971) . It was originally introduced in the early 1800s and was used as a shelterbelt and hedge plant throughout the eastern United States and eastern maritime provinces of Canada (Gourley 1985) . Rhamnus cathartica quickly escaped cultivation, however, and has invaded several natural communities throughout the northern United States and southern Canada (Gourley 1985; Archibold et al. 1997) .
Like traits of other invasive species, traits that make R. cathartica a successful invader include its fecundity (Archibold et al. 1997; Kollmann and Grubb 1999) , high tolerance to extremes in soil moisture (Stewart and Graves 2004) , and low susceptibility to herbivory and pathogens (Billington 1949) . Further information on such traits would be useful in predicting the invasive potential of species closely related to R. cathartica, including Frangula caroliniana (Walt.) Gray (Carolina buckthorn), a North American small tree or shrub. Indeed, a powerful method to assess the invasive characteristics of a species is to make comparisons between ecologically and taxonomically similar invasive and native taxa (Pattison et al. 1998; Morris et al. 2002) . Similar to naturalized specimens of R. cathartica, F. caroliniana is frequently found in disturbed areas at the edge of woodlands in its native range (J. R. Stewart, personal observation). And like that of R. cathartica (Godwin 1943; Kollmann and Pirl 1995; Archibold et al. 1997) , the fruit of F. caroliniana is eaten and spread by frugivores (Nokes 2001) , a trait likely to be exploited if the species naturalizes elsewhere. Because of increased horticultural interest in F. caroliniana (Nokes 2001; Graves 2002; Stewart and Graves 2004) , concerns about its invasive potential need to be addressed.
Although tolerance to water stress of both species has been evaluated (Stewart and Graves 2004) , little research has evaluated how ecophysiological characteristics such as juvenile growth, leaf characteristics, and carbon allocation patterns as related to seedling age contribute to the invasiveness of R. cathartica and the possible invasiveness of F. caroliniana.
While Harrington et al. (1989) found that 29% of annual carbon gain of R. cathartica in a Wisconsin forest occurred before leaf emergence of Cornus racemosa Lam., a more comprehensive view is needed to determine ontogenical patterns of carbon allocation over the growing season. Research is also warranted to determine whether R. cathartica assimilates carbon more efficiently than do surrounding plants or related taxa, such as F. caroliniana. Successful invaders in seasonal environments usually exhibit greater rates of resource utilization when resources are available (Stratton and Goldstein 2001) . Invasive species also typically have higher specific leaf areas and photosynthetic rates than do native species (Allison and Vitousek 2004) . Specific leaf area is important to plant growth because it leads to a high proportion of leaf area per unit dry mass invested (i.e., efficient light capture) and high photosynthetic capacity (Reich et al. 1997 ). Higher photosynthetic rates may also lead to higher rates of biomass accumulation and growth (Lambers and Poorter 1992) .
The reproductive biology of invaders frequently contributes to their ecological advantage over native flora (Bazzaz 1986; Honig et al. 1992; Marco and Pá ez 2000) . The fecundity of R. cathartica has been implicated in contributing to its aggressive spread (Gourley 1985) , but apart from the work of Gourley (1985) , little has been done that specifically characterizes the reproductive capacity of mature, established plants of this species.
Hence, our main goal was to determine whether the invasive potential of F. caroliniana relative to that of R. cathartica can be explained in part by differences in ecophysiological characteristics. The first objective of our study was to characterize differences in net photosynthetic rate, growth, and carbon allocation patterns between F. caroliniana and R. cathartica. In particular, we hypothesized that under field conditions, seedlings of R. cathartica would have greater specific leaf area than those of F. caroliniana, which would result in comparatively higher growth rates. Our second objective was to determine whether there were differences in annual fruit load of F. caroliniana relative to that of R. cathartica. We predicted that the normalized fruit count of mature R. cathartica plants would be greater than that of similarly aged F. caroliniana plants. (Stewart and Graves 2005) and germinated in a greenhouse.
Material and Methods

Photosynthesis
To insulate the roots of potted seedlings from solar radiation in the field, we inserted 168 14.6-L containers (model C-2000; Nursery Supplies, Chambersburg, PA) into 21.9-L containers (model C-2800; Nursery Supplies) and sprayed polyurethane liquid foam (II-600 Handi-Foam Slow Rise; Fomo, Norton, OH) into the space between sidewalls of the two containers. Five holes (diameter ¼ 1:3 cm) were drilled into the bottom of the modified containers to allow for drainage. The exteriors of the containers were then wrapped with aluminum foil.
To 9, 2003) . Cleaned roots were stored in a 25% isopropyl alcohol solution at 4°C, and root length was measured (Kaspar and Ewing 1997 Net photosynthetic rate of the youngest fully expanded leaf of the longest stem of each plant was measured with a photosynthesis system (LI-6400; LI-COR) every 14 d at midday, beginning on July 10, 2003. The first measurements on July 10 (n ¼ 112 F. caroliniana, 56 R. cathartica) were done with a clear-top leaf chamber (mean photosynthetically active radiation ¼ 1180 6 49 mmol m À2 s À1 ), but the remaining measurements on July 24 (n ¼ 96 All analyses of measured parameters except for the contrast analysis of net photosynthetic rate were conducted with the PROC GLM procedure in SAS/STAT, version 8.2 (SAS Institute, Cary, NC). Data of F. caroliniana from the seed sources in Missouri and Texas were pooled because of a lack of consistent differences between the two populations. Comparisons of means were done using Tukey's honestly significant difference test. Regression analysis was performed on measured parameters to test for linear and quadratic responses. We performed contrast analysis of the measured parameters between the two species over time. The linear and quadratic relationships of both species were considered different if the species 3 time and species 3 time 3 time interactions, respectively, were significant (P 0:05). Contrast analysis of net photosynthetic rate over time between the two species was performed with the PROC MIXED procedure in SAS/STAT because of the use of repeated measures. The maximum likelihood and covariance test options were used to estimate the covariance parameters and for asymptotic tests of the parameters. The quadratic relationships of both species were considered different if the species 3 time 3 time interactions were significant (P 0:05).
Fruit load. Fifty 2-yr-old, physiologically mature branches were collected ad lib. from 10 R. cathartica trees of similar size and shape on September 11 (one tree), September 18 (four trees), September 25 (four trees), and October 1, 2004 (one tree), located in naturalized populations in Ames, Iowa. On October 12, 2004, 50 branches of varying lengths were collected ad lib. from 10 F. caroliniana trees of similar size and shape in a native population at the Washington University Tyson Research Center near Eureka, Missouri (lat. 38°329130N, long. 90°339420W). Collection was staggered such that only ripe fruit of both species was obtained. After the branches were collected, we measured their total stem length, number of fruits, and total leaf surface area.
Least squares regression analysis was conducted for both species with the PROC MIXED procedure (SAS/STAT) to estimate the relationship between the dependent variable (fruit number) and the independent variables (branch length and leaf area). Fruit count was log transformed to stabilize the variance. Each tree was considered a random block effect in the model because the selected trees were a sample of the entire population.
Results
Photosynthesis, growth, and carbon allocation. The plant dry mass of Rhamnus cathartica was 2.1 and 1.5 times greater than that of Frangula caroliniana at the 14-and 28-d harvests, respectively (table 1). There were no differences, however, in the linear and quadratic relationships of plant dry mass over time between the two species (table 1). The greater plant dry mass of R. cathartica relative to that of F. caroliniana was reflected in the dry masses of stems, leaves, and roots at the 14-d harvest and in the stems at the 28-d harvest (table 1) . The stem dry mass of R. cathartica was also greater than that of F. caroliniana at the 42-d harvest, and the leaf dry mass of F. caroliniana was greater than that of R. cathartica at the 84-and 98-d harvests (table 1) . The positive linear relationship of stem dry mass over time of R. cathartica was greater than that of F. caroliniana (P ¼ 0:0324) (table 1). However, the positive linear function of leaf dry mass over time of F. caroliniana was greater than that of R. cathartica (P ¼ 0:0003) (table 1). The greater root dry mass of R. cathartica was consistent with species differences in root length at the 14-d harvest (table 1) . In addition, the positive linear relationship of root dry mass of R. cathartica was greater than that of F. caroliniana (P ¼ 0:004), but there were no differences in the linear or quadratic relationships of root length over time (table 1) .
Relative growth rate and net assimilation rate of R. cathartica were greater than those of F. caroliniana at the 14-d harvest (table 1) . While there were no subsequent differences between species in relative growth rate, the net assimilation rate of R. cathartica was 30% and 41% greater than that of F. caroliniana at the 84-and 98-d harvests, respectively (table 1). The negative linear and quadratic functions of relative growth rate of R. cathartica over time were greater than those of F. caroliniana (table 1). The quadratic relationship of net assimilation rate of R. cathartica over time was greater than that of F. caroliniana (P ¼ 0:0125) (table 1) .
Differences between species in leaf mass fraction and stem mass fraction became evident at the 28-d harvest and continued through the treatment period (table 1) . Frangula caroliniana consistently maintained a higher leaf mass fraction, whereas R. cathartica had a higher stem mass fraction, which 1163 (table 1) . The leaf area ratio of F. caroliniana was also greater than that of R. cathartica at the 56-d harvest and thereafter (table 1) . The greater leaf area ratio of F. caroliniana was also reflected in its positive linear relationship over time relative to that of R. cathartica (P ¼ 0:0064) (table 1) . The root-to-leaf ratio and root mass fraction of R. cathartica were greater than those of F. caroliniana at the 70-, 84-, and 98-d harvests (table 1) . The positive linear (P < 0:0001) and quadratic (P ¼ 0:0003) relationships of root-to-leaf ratio of R. cathartica over time were greater relative to those of F. caroliniana (table 1) . The positive linear function of root mass fraction of R. cathartica over time was greater than that of F. caroliniana (P < 0:0001) (table 1). The specific leaf area of R. cathartica was 11% and 12% greater than that of F. caroliniana at the 42-and 98-d harvests, respectively (table  1) . There were no differences, however, in the linear and quadratic relationships of specific leaf area over time between the two species (table 1) . There was not a strong correlation between relative growth rate and specific leaf area for either species (F. caroliniana: relative growth rate ¼ 0:0181 þ 0:0002½specific leaf area], r 2 ¼ 0:07, P ¼ 0:004; R. cathartica: relative growth rate ¼ 0:009 þ 0:0003½specific leaf area], r 2 ¼ 0:13, P ¼ 0:008) or between relative growth rate and leaf area ratio (F. caroliniana: relative growth rate ¼ 0:0376 þ 0:0001½leaf area ratio], r 2 ¼ 0:01, P ¼ 0:39; R. cathartica: relative growth rate ¼ 0:025 þ 0:0005½leaf area ratio], r 2 ¼ 0:19, P ¼ 0:001). There was a stronger correlation, however, between relative growth rate and net assimilation rate for both species (F. caroliniana: relative growth rate ¼ 0:0052 þ 0:007½net assimilation rate], r 2 ¼ 0:61, P < 0:0001; R. cathartica: relative growth rate ¼ 0:0116 þ 0:0056½net assimilation rate], r 2 ¼ 0:30, P < 0:0001) ( fig. 2 ). Although net photosynthetic rate of F. caroliniana was 18% (P ¼ 0:01) and 39% (P < 0:0001) greater than that of R. cathartica at the 14-and 28-d harvests, respectively, net photosynthetic rate of R. cathartica exceeded that of F. caroliniana by 13% (P ¼ 0:04), 24% (P ¼ 0:002), 33% (P ¼ 0:0004), and 39% (P ¼ 0:0001) at the 42-, 56-, 70-, and 84-d harvests, respectively ( fig. 3) . Net photosynthetic rate of R. cathartica was three times greater (P ¼ 0:0007) than that of F. caroliniana at the 96-d harvest ( fig. 3 ). There were no differences, however, in the quadratic relationship of net photosynthetic rate over time between the two species (P ¼ 0:44).
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Fruit load. The log(fruit number) of F. caroliniana was 1.56 log(fruit), and the log(fruit number) of R. cathartica was 2.44 log(fruit). Hence, mean fruit number of F. caroliniana was only 41% (P ¼ 0:0027) of that of R. cathartica at an average branch length of 19.8 cm and average leaf area of 136.3 cm 2 (F. caroliniana: log ½fruit number ¼ 1:04 þ 0:02 ½branch length þ 0:001½leaf area; R. cathartica: log ½fruit number ¼ 1:59 þ 0:03½branch length þ 0:002½leaf area).
Discussion
In nutrient-rich and productive habitats, high specific leaf area improves the competitive ability of a species (Poorter 1990) and is strongly correlated with high relative growth rate of several species (Reich et al. 1997) . The higher relative growth rate of fast-growing species in comparison to slowgrowing ones under similar conditions has been largely explained by differences in a component of leaf area ratio, specific leaf area (Lambers et al. 1998) . Invasive species capture resources more efficiently and have higher growth rates than native species because of their higher specific leaf area (Baruch and Goldstein 1999), which is leaf area ratio divided by leaf mass fraction (Evans 1972) , and their relative growth rate (Pattison et al. 1998) , which is the product of leaf area ratio and net assimilation rate (Evans 1972) .
The lack of differences in specific leaf area between Frangula caroliniana and Rhamnus cathartica appears to account for the similarity in relative growth rate for most of the growing period (table 1) . The poor correlation between specific leaf area and relative growth rate for both species may be due to the exposed conditions of the study. Plants with high specific leaf area are typically found in dense vegetation (Poorter 1990) . A strong correlation was found, though, between net assimilation rate and relative growth rate ( fig. 2) . Although net assimilation rate is considered poorly correlated with relative growth rate for many species (Lambers et al. 1998) , high net assimilation rate is a functional trait of 
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successful invaders (Pattison et al. 1998; Grotkopp et al. 2002) . The relatively high net assimilation rate of R. cathartica may explain the comparatively high relative growth rate of R. cathartica at the 14-d harvest. Nonetheless, the higher relative growth rate of R. cathartica may reflect its capability of taking advantage of space and resources when establishing in disturbed areas and canopy gaps (Leitner 1985; Walters et al. 1993) . As shown in our data (table 1) , though, we would expect relative growth rate to decline over time. As the plants increase in age, size, and stature, the proportion of nonassimilatory tissue will probably become greater over time (Walters et al. 1993) .
Although leaf area ratio and its component specific leaf area were similar between species at the 14-d harvest, leaves of R. cathartica appear to be more efficient at fixing carbon, confirming conclusions of an earlier study (Stewart and Graves 2004) , even though the instantaneous photosynthetic rate of F. caroliniana was greater than that of R. cathartica at the 14-d harvest ( fig. 3) . Specific leaf area of R. cathartica seedlings at the 98-d harvest, however, was greater than that of F. caroliniana, but there were no differences in relative growth rate. After 56 d, not only was the leaf area ratio of R. cathartica consistently less than that of F. caroliniana, but as time progressed, the magnitude of the difference between species increased. This was also reflected in the differences in the linear relationships of the two species (table 1) . Leaf mass ratio of R. cathartica followed a similar pattern in difference and increasing magnitude but began after 28 d. We observed that older and more basal leaves of R. cathartica began to abscise around the 56-d harvest until the end of the treatment period. This observation may account for the eventual difference in specific leaf area between the species at the 98-d harvest. In its native range, R. cathartica is an understory shrub that is typically found along forest edges (Godwin 1943) and gaps (Gassmann 2005 ). The exposed conditions of the study may have led to premature leaf abscission of R. cathartica and to the species differences in leaf area ratio and leaf mass fraction. Another explanation, however, may be that R. cathartica allocates more carbon to roots, which could reflect an adaptation to low nutrient and/ or water availability (Walters et al. 1993; Pattison et al. 1998) .
The root dry mass of R. cathartica tended to be consistently greater than that of F. caroliniana, though the difference was not significant until the 98-d harvest. However, the positive linear relationship of root dry mass over time was greater for R. cathartica than F. caroliniana. This trend, in conjunction with greater area-based root-to-leaf ratio and root mass fraction of R. cathartica, indicates that fitness of young seedlings of both species, as defined by total plant dry mass, appears to be similar, though by different means or strategies. An increase in root mass fraction with a simultaneous decrease in leaf mass fraction may reflect an evolved functional trait in R. cathartica that makes it capable of tolerating periods of drought or nutrient deficiency (Walters et al. 1993) .
The differences in carbon allocation patterns between R. cathartica and F. caroliniana might reflect the environments in which they naturally grow. The ability of R. cathartica to tolerate diverse edaphic conditions in a variety of habitats (Godwin 1943; Grubov 1949; Gourley 1985) may be a result of it being part of a large group of taxa within the Rhamnus L. sensu lato genus that had several independent adaptations to colder and drier climates (Bolmgren and Oxelman 2004) . Although F. caroliniana tolerates low water availability (Stewart and Graves 2004) , it is generally found in moist, understory conditions (J. R. Stewart, personal observation). Moreover, Grubov (1949) concluded that many Frangula species, including F. caroliniana, have retained many of the mesomorphic characters (e.g., large elliptic leaves with numerous straight and lateral parallel veins) of an ancestral type that evolved in a warm, mesic climate (cf. Bolmgren and Oxelman 2004) . In addition to the lower depth of cold hardiness of F. caroliniana relative to that of R. cathartica (Stewart et al. 2006) , F. caroliniana appears less likely than R. cathartica to tolerate habitats with low water availability based on its carbon allocation patterns. Indeed, the relatively high area-based root-to-leaf ratio of R. cathartica may be beneficial during periodic episodes of drought. Coupled with its lower tolerance for harsh winters, the lower proportion of carbon allocated to roots in F. caroliniana may indicate that it is less likely to be as invasive as R. cathartica if it is introduced into areas with harsher winters and drier environments than found in its native range.
Increases in root mass fraction may also be related to a gradual accumulation of support tissue manifest in the root and stem organs that accompanies increases in age (Walters et al. 1993) . Indeed, the rise in root mass fraction of R. cathartica over time was concomitant with higher stem mass fraction of R. cathartica after 70 d.
Although total stem length did not differ between species (data not shown), stem mass fraction of R. cathartica, which was greater than that of F. caroliniana after 28 d, suggests not only more structural support to developing seedlings but also a possible storage reserve of extractable proteins for subsequent mobilization to support biosynthesis (Sauter and Van Cleve 1990) . In a comparison of 80 woody species from Great Britain and northern Spain, there was a trade-off between investment in foliage versus stems (Cornelissen et al. 1996) . While stem mass fraction of R. cathartica remained relatively constant over time, the higher stem dry masses of 14-, 28-, 42-, and 84-d-old seedlings of R. cathartica relative to those of F. caroliniana typified the differences in carbon allocation to stems of both species throughout the study. Carbon allocation to stems is typical of shade-tolerant plants for which elongation and structural support are critical for efficient harvesting of light in the understory (Dale and Causton 1992) . Carbon investment in the stems may also make R. cathartica more resilient to damage or attack by herbivores and pathogens (Niinemets 1998) .
Seedlings of R. cathartica appear to be more aggressive in growth (i.e., relative growth rate and total plant dry mass) earlier in the growing season than seedlings of F. caroliniana. Most of the trait differences disappeared, however, as the growing season progressed (table 1) . Although there were pronounced differences in carbon allocation patterns between the two species, the advantages of the traits would probably be more manifested during periods of low resource availability (Stratton and Goldstein 2001) . Indeed, it has been found that a combination of unrestrained use of water and the ability to avoid water deficits (e.g., high water use efficiency) is a beneficial strategy in areas with seasonal environments (Fischer and Turner 1978; Baruch and Goldstein 1999) . Future work should focus on comparing key ecophysiological traits of both physiologically young and mature plants of both species in environments of high and low resource availability.
While we found that R. cathartica and F. caroliniana establish similarly as young plants, this may change as the plants mature. An important factor in the success of invasive species is phenotypic plasticity (Stratton and Goldstein 2001) and the ability to utilize resources at times that they are unavailable to neighboring species in the plant community (Baruch and Goldstein 1999) . Young plants of R. cathartica were found to break bud nearly 6 d earlier in the spring than those of F. caroliniana in a common garden experiment (Stewart et al. 2006) . Mean duration of foliation of R. cathartica has also been found to exceed that of native shrubs by up to 58 d (Barnes 1972) . In addition to understanding the effects of seasonal changes in resource availability on these two species, more work needs to be done to incorporate the integrated effects of carbon assimilation over the growing season of multiple years while comparing net photosynthetic rate at discrete points in time. This may help to determine how these characteristics change as the plants age and mature.
In addition to evaluating key ecophysiological traits of young plants that may enable invasive success, it is also important to understand how another key predictor of invasiveness, fruit production, affects the establishment success of R. cathartica and F. caroliniana. Indeed, copious fruit production is a well-known trait of invasive species. The high fecundity of Sapium sebiferum (L.) Roxb. (Chinese tallow tree) (Renne et al. 2000) and Ligustrum sinense Lour. (Chinese privet) (Morris et al. 2002 ) have contributed to their invasive spread throughout the southeastern United States. Although our work does not provide an estimate of the total fruit count per plant, it provides a relative measure of fecundity that suggests that F. caroliniana will not be as strongly invasive as R. cathartica has been. We recognize that fruit production of individual plants is highly variable (Whittaker 1962) , particularly from year to year. Further work needs to be done over multiple years to confirm our conclusion that the fruit production of F. caroliniana is less than half of that of R. cathartica.
